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O
utline

•
D

iscuss experim
ental layout

•
D

escribe projected distribution instrum
entation

–
Basic w

ire scanner and halo scraper m
echanism

–
D

iscuss w
ire- and scraper-beam

 interaction
–

D
escribe typical beam

 operation during data acquisition
–

W
ire/scraper m

ovem
ent control and charge detection

–
D

ata analysis
–

Show
 typical data

•
Sum

m
ary
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Fully Instrum
ented LED

A
 Beam

-H
alo Lattice
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W
ire scanner and halo scraper (W

S/H
S) profile

instrum
ent acquires beam

 projected distributions.

•
H

orizontal and vertical projected distributions m
easured at each “station”

•
W

ire scanner:  33-mm
 C fiber m

easures distribution core
–

Protons not stopped in fiber (range in C:  0.3 m
m

)
–

Fiber biased to optim
ize secondary electron (S. E.) em

ission (S. E. leaving the fiber
detected)

–
S.E. yield m

easured to be ~ 47%
 for 6.7-M

eV
 protons on the C fiber.

•
Scraper:  G

raphite brazed on Cu scraper m
easures projected distribution tails

–
Range out protons in 1.5-m

m
 thick of graphite

–
Scraper biased to inhibit S.E. (protons deposited in the  scraper detected)

–
G

raphite/Cu scraper w
ater cooled to reduce average tem

perature
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C
lose-U

p of the M
ovable Fram

e of the H
alo W

S/H
S

A
ssem

bly
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Typical W
ire Scanner D

ata:  W
S #26 and #47

•
Typical 6.7-M

eV
  beam

 param
eters during profile

acquisition
–

Repetition rate:  1 H
z

–
Pulse length:  30 ms

•
Short pulse lengths acquired using RFQ
blanking technique

–
Peak beam

 current:  100 m
A

•
D

istribution dynam
ic range:  typically > 1000:1

•
Pulse length lim

ited by onset of therm
ionic electron

em
ission

•
Typically acquire accum

ulated charge data in the last
10 to 20 ms of the pulse.

•
O

nly one axis fiber in beam
 at any tim

e
–

O
ther W

S and H
S are outside beam

 pipe aperture
•

Rm
s w

idth repeatability:
–

Instrum
entation precision and beam

 variations:
~ 0.04 m

m
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W
ire and Scraper Therm

al Lim
itations

•
Both the scraper and w

ire w
ere designed to

be lim
ited to 1800 to 2000K

.
–

Prim
ary reason:  lim

it therm
ionic

em
ission

•
W

ire tem
perature sim

ulation show
s lim

iting
1800K

 tem
perature can be reached w

ithin
approxim

ately 30 ms
–

1 m
m

 rm
s w

idths and 100 m
A

–
W

ire therm
al m

odel  assum
es little

conduction and radiative cooling
–

N
o indication so far of any rf induced

heating of w
ire

•
Scraper therm

al lim
itations:

–
Cannot insert scraper com

pletely into
beam

 core
–

Tradeoff:  scraper insertion, duty factor,
and current density.

–
To reach sim

ilar tem
perature lim

itations
as w

ire, scraper is inserted to betw
een

1.5  and 2 rm
s w

idth point.
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 W
ire-Scanner-Fiber Electron Em

ission

•
Secondary em

ission (S.E.) is independent of both tim
e and fiber tem

perature
–

Prim
ary dependency:  am

ount of energy deposited into a very thin outer layer of the fiber by beam
(Sternglass m

odel of secondary em
ission)

•
M

easured S.E.em
ission coefficient (0.1-m

m
 SiC fiber):  50%

 to 60%
Initial m

easurem
ents of S.E. coefficient w

ith the 33-mm
 C fiber:  40%

to 50%
•

Therm
ionic electron (T.E.) em

ission lim
itation

–
Characteristic tem

perature squared dependency after fiber has had tim
e to heat up

–
For exam

ple, T.E. em
ission overcom

es S.E. em
ission at 1.2 m

s
–

Resulting in distortion of  profile core distribution shape if W
S data are acquired after onset of T.E.
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W
ire Scanner and H

alo Scraper:  Bias V
s. Em

ission

•
Parked the w

ire in the beam
 core.

–
Scraper parked on core edge.

•
A

pplied a variable bias potential
•

W
ire scanner optim

um
 bias:  -6 to

-12 V
 (picked  -12 V

 for data
acquisition)

–
U

nexpected 15%
 elevation in

net current around 0 V
 bias

–
Increasing positive bias
reduces secondary electron
em

ission
•

+150V
, S.E. current

near zero
–

Larger negative bias
increases positive ion
attraction

•
Scraper optim

al bias:  +20 to +40
V

 (picked  +25 V
 for data

acquisition)
–

Elevated net current near 0 V
–

S. E. alm
ost entirely

inhibited by +20 V
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D
etails of W

S C
harge A

ccum
ulation and Beam

 C
urrent

Pulse G
eneration

•
RFQ

 blanking
–

75-keV
 source beam

 is injected into the
unpow

ered RFQ
–

RFQ
 pow

er is quickly turned on
–

A
fter 30-ms, injector is turned off

•
Charge is accum

ulated in the first stage of the
detection electronics - a lossy integrator

–
Integrator reset tim

e constant:   1 m
s

–
Scraper has a separate channel of the
sam

e detection electronics
•

Pictures show
 typical tim

e based w
aveform

of digitized W
S signal and its integral.

W
S #51 V
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E

m
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D
etection Electronics and W

ire/Scraper M
ovem

ent
C

ontrol D
etails

•
Electronics integrate S. E. or proton current

–
Lossy integrator follow

ed by gain stage
•

Reset tim
e constant 1 m

s
–

A
ccum

ulated charge is digitized w
ith a 12 and 14 bit digitizer

at a 1 M
S/s rate.

–
A

cquire accum
ulated charge difference by digitizing and

subtracting 2 sam
ples per w

aveform
–

4 capacitances and gain choice
•

N
o sw

itching w
ithin a scan or scrape

•
Range:  1.3 mC to 0.15 pC

–
M

easured analog equivalent noise at m
axim

um
 gain:  0.03 pC

–
LSB of 14 bit digitizer at m

ax gain: 0.15 pC
•

W
ire/Scraper m

ovem
ent control perform

ed by off-the-shelf products
–

N
ational Instrum

ents digital controller
–

Com
pum

otor G
em

ini electronic drivers
–

Com
pum

otor O
S-22B stepper m

otors
–

D
ynam

ics Research Corp. linear encoder, (5 mm
 resolution)

–
M

easured w
ire placem

ent error: < ± 0.02 m
m

 or < ±2%
 rm

s
beam

 w
idth

–
M

ovem
ent includes brake engagem

ent and drive inhibit to
reduce electrical noise
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Exam
ple of EPIC

S C
ontrol and O

perational Screens for
the W

S/H
S Instrum

entation

•EPICS control screen and
sequence provides

–O
perator G

U
I interface

and overall control
–Instructs N

I LabV
IEW

 V
I

to m
ove w

ire/Scraper
–Instructs ID

L to perform
analysis and data m

elding
–A

cquires synchronous
data from

 detection
electronics and nearby
toroids
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O
nline M

ethod of Joining W
ire Scanner and H

alo
Scraper D

ata Sets

•M
eld the scraper and w

ire scanner
data sets using ID

L
–H

S data is spatially
differentiated
–A

veraged over several points
–W

S and H
S charge data are

norm
alized
•M

easured fiber and
scraper edge distance
correlates spatial data
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C
om

bined W
S and H

S Profile at Location #26:  Spatially
D

ifferentiated, A
veraged, etc.
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Beam
 H

alo Instrum
entation Sum

m
ary

•
Prim

ary beam
 core and halo distribution m

easurem
ent instrum

entation
is a com

bination of a w
ide dynam

ic range w
ire scanner and halo

scraper
–

Typical dynam
ic range:  ~ 10

5:1
•

Com
bination w

ire and scraper allow
 this dynam

ic range
–

Total spatial error:  < +/- 2%
 of the beam

’s rm
s w

idth
–

Effective accum
ulated charge noise floor:  < 0.15 pC

•
Secondary electron yield w

as m
easured to be ~47%

•
W

ire scanner bias optim
ized for secondary em

ission at -12 V
•

H
alo scraper bias optim

ized for proton current of +25 V
•

O
nline analysis provides a sum

m
ary of projected distributions by

providing calculated m
om

ents, G
aussian fits, and “m

axim
um

 extent”


